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Abstract
We present the results of a Suzaku spectroscopic study of the soft extended X-ray emission in the H II
region M17. The spectrum of the extended emission was obtained with a high signal-to-noise ratio in a
spatially-resolved manner using the X-ray Imaging Spectrometer (XIS). We established that the contam-
ination by unresolved point sources, the Galactic Ridge X-ray emission, the cosmic X-ray background,
and the local hot bubble emission is negligible in the background-subtracted XIS spectrum of the diffuse
emission. Half a dozen of emission lines were resolved clearly for the first time, including Kα lines of highly
ionized O, Ne, and Mg as well as L series complex of Fe at 0.5–1.5 keV. Based on the diagnosis of these
lines, we obtained the following results: (1) the extended emission is an optically-thin thermal plasma
represented well by a single temperature of ∼3.0± 0.4 MK, (2) the abundances of elements with emission
lines in the diffuse spectrum are 0.1–0.3 solar, while those of bright discrete sources are 0.3–1.5 solar, (3)
the metal abundances relative to each other in the diffuse emission are consistent with solar except for a
Ne enhancement of a factor of ∼2, (4) both the plasma temperature and the chemical composition of the
diffuse emission show no spatial variation across the studied spatial scale of ∼5 pc.
Key words: X-rays: ISM — ISM: bubbles — ISM: H II regions — Galaxy: open clusters and associa-
tions: individual (M17)
1. Introduction
Massive stars are a driving force of physical and chem-
ical evolutions of their host galaxies. Supernova explo-
sions and their remnants have been intensively studied
for decades, but the pre-explosion effects are equally im-
portant; the integrated mass, momentum, and energy re-
leases over the lifetime of an O star can be comparable to
those by a supernova explosion at the end of their lives
(Leitherer et al. 1992). Diffuse X-ray emission is gener-
ated as a consequence of shocks by stellar winds imping-
ing on the interstellar medium (ISM). Therefore, we can
quantitatively study the effects of energy dissipation and
the chemical enrichment of interstellar space by early-type
stars through the spectroscopy of X-ray emission in H II
regions.
Weaver et al. (1977) presented a self-similar solution of
stellar winds interacting with the ISM. They showed a sin-
gle O7 star forms a hot (∼106−7 K) bubble by the shock,
which can be observed as soft extended (∼10 pc) X-ray
emission. Townsley et al. (2003) claimed the first unam-
biguous detections of such emission in the H II regions M17
and the Rosette Nebula using the Advanced CCD Imaging
Spectrometer (ACIS; Garmire et al. 2003) onboard the
Chandra X-ray Observatory (Weisskopf et al. 2002). With
a ∼40 ks integration time of M17 (ObsID=972), diffuse
soft X-ray emission was detected apart from 886 point
sources above ∼1029.3 erg s−1 (Broos et al. 2007). Dunne
et al. (2003) showed the entire structure of the soft X-ray
diffuse emission using the Position-Sensitive Proportional
Counter (PSPC; Pfeffermann et al. 1987) onboard ROSAT
(Tru¨mper 1982). They measured the total X-ray luminos-
ity and compared to the wind-blown bubble models with
and without heat conduction. They concluded that only
the bubble without heat conduction can account for the
observed X-ray luminosity of ∼ 2.5× 1033 erg s−1. The
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magnetic field may be responsible for suppressing the heat
conduction and mass evaporation between the hot gas and
cold ISM (Dunne et al. 2003).
The results obtained by these high-resolution imaging
studies are generally consistent with the wind-blown bub-
ble models. However, the observational results are not still
accurate enough to compare to the theoretical works. It is
often ambiguous whether the observed diffuse emission is
from wind-blown bubbles or from supernovae, which give
rise to diffuse emission with a similar X-ray spectral hard-
ness and luminosity in a similar spatial scale. The largest
uncertainty stems from the lack of spectral analysis based
on line diagnostics in a spatially-resolved manner.
Resolving emission lines is crucial to examine whether
the spectrum is thermal and to determine the temperature
and the chemical composition of the plasma. For example,
the intensity ratio of Kα lines between OVII and OVIII
and that between Ne IX and NeX are steep functions of the
plasma temperature at 1–10 MK (Tucker & Gould 1966).
In between the O and Ne Kα complex, Fe L series lines
dominate the spectrum. The metallicity of these elements
is one of the factors to determine the X-ray luminosity
expected from a wind-blown bubble (Chu et al. 1995).
The anomaly in the O and Fe abundance ratio can be used
to discriminate different types of supernovae (Tsujimoto
et al. 1995; Nomoto et al. 1997) if the emission is of a
supernova origin. The previous studies using ROSAT and
Chandra were incapable of resolving these lines, limiting
their ability to diagnose the plasma emission.
The X-ray Imaging Spectrometer (XIS; Koyama et al.
2007) onboard Suzaku (Mitsuda et al. 2007) has a superior
spectral resolution, a low background, and a large effec-
tive area, which are particularly suited for spectroscopy
of extended X-ray emission. The capability to resolve key
elements with sufficient statistical significance has been
illustrated by several initial studies on extended emission
in H II regions (Hamaguchi et al. 2007; Tsujimoto et al.
2007). Hamaguchi et al. (2007) resolved various emis-
sion lines from the diffuse emission in the Carina Nebula.
Based on the low nitrogen-to-oxygen ratio and the spatial
variation of the Fe and Si abundances, they suggested that
the diffuse emission originates not from wind-blown bub-
bles but from one or multiple old supernova remnant(s).
M17 is a Galactic H II region at a distance of ∼1.6 kpc
(Nielbock et al. 2001). Hanson et al. (1997) identified
nine O stars in the central OB association with near in-
frared spectroscopy. A much larger number of young OB
stars are suggested by near infrared photometry (Lada
et al. 1991; Jiang et al. 2002). The earliest system is a
binary of two O4–O5 stars. The age of the cluster is esti-
mated to be <∼1 Myr based on the H-R diagram (Hanson
et al. 1997). Strong winds and radiation from the cen-
tral OB association sculpted the ambient matter to form
a V-shaped cloud, which was traced by molecular and
atomic hydrogen lines (Chrysostomou et al. 1992; Felli
et al. 1984; Brogan & Troland 2001). The diffuse X-ray
emission found by Chandra and ROSAT has an asymmet-
ric morphology with respect to the OB association and
fills the cavity of the molecular cloud toward the negative
Galactic latitude (Povich et al. 2007).
M17 is suitable for X-ray studies of hot bubbles in H II
regions for being proximate and having a very high con-
trast of the diffuse emission against point sources. From
the Chandra study (Townsley et al. 2003), the diffuse
emission is more intense than the integrated emission of
resolved point sources by more than ten-fold at 1 keV.
Despite the limited spatial resolution of Suzaku, there-
fore, the obtained spectrum is not seriously contaminated
by unresolved point sources.
2. Observation
Suzaku observed M17 on 2006 March 11–14 in the first
announcement of opportunity observing cycle. Suzaku has
XIS and Hard X-ray Detector (HXD; Kokubun et al. 2007;
Takahashi et al. 2007) instruments. We concentrate on the
XIS data in this paper, which has a sensitivity for the soft
emission studied here.
The XIS is equipped with four X-ray CCDs. Three of
them (XIS0, 2, and 3) are front-illuminated (FI) CCDs
and the remaining one (XIS1) is a back-illuminated (BI)
CCD. Each CCD chip has a format of 1024×1024 pix-
els and is composed of four segments of 256×1024 pixels.
FI and BI CCDs are superior to each other in the hard
and soft band responses, respectively. They are mounted
at the focus of four independent X-ray telescopes (XRT;
Serlemitsos et al. 2007). The detectors are sensitive in the
energy range of 0.2–12.0 keV with an initial energy reso-
lution of ∼65 eV in the full width at half maximum and
a total effective area of ∼1360 cm2 at 1.5 keV. An XIS
field of view covers a ∼18′×18′ region with a half power
diameter of ∼2′. The radioactive sources of 55Fe illumi-
nate two corners of each of the four CCDs for calibration
purposes.
The performance of XIS is subject to degradation due
to the radiation damage in the orbit (Koyama et al. 2007).
As of the observation date, the energy resolution in the
full width at half maximum is ∼90 eV at 1.5 keV. The
relative energy gains among XIS chips and segments have
a systematic uncertainty of ∼5 eV. An unknown contami-
nant accumulates on the optical blocking filters of the XIS
in the orbit. As a result, the effective area at the soft band
end has diminished significantly, making the carbon and
nitrogen features difficult to detect below ∼0.5 keV. This
effect is included in the auxiliary response.
The observation was conducted using the normal clock-
ing mode with a frame time of 8 s. Data (revision 1.21)
were screened to remove events during the South Atlantic
Anomaly passages, at elevation angles below 4◦ from the
earth rim, and at elevation angles below 10◦ from sun-
lit earth rim. We constructed plots of the raw count
rate versus the elevation angles to find that these criteria
maximize the exposure time with negligible contaminat-
ing emission. After the filtering, the net integration time
is ∼110 ks.
1 See http://www.astro.isas.jaxa.jp/suzaku/process/ for details.
No. ] Suzaku Spectroscopy of M17 3
Fig. 1. XIS images in the (a) 0.5–1.5 keV and (b) 1.5–5 keV bands. The XIS field is shown with the solid square in both panels,
while the ACIS field is shown with the dashed square in (b). The source and background regions for diffuse emission are shown by
solid lines in (a). The source sub-regions (a, b, and c) are ruled by dashed curves. The discrete sources are shown with arrows in
(b). Both images are processed as follows: (1) Non–X-ray background constructed from night earth observations was subtracted.
(2) The astrometry and vignetting were corrected. (3) The images were adaptively binned to achieve a signal-to-noise ratio of larger
than 8 using the weighted Voronoi tessellation algorithm (Diehl et al. 2006, Cappellari et al. 2003).
3. Analysis
3.1. Image Analysis
Figure 1 shows the XIS images of the study field in the
(a) soft (0.5–1.5 keV) and (b) hard (1.5–5.0 keV) bands.
The two band-limited images appear strikingly different.
In the hard band, the image is dominated by the emission
from the OB association. We also see the excess emission
from a group of protostars M17 North (Wilson et al. 1979;
Henning et al. 1998; Broos et al. 2007). In the soft band,
the extended emission emerges in the eastward of the OB
association, as was claimed by Townsley et al. (2003) and
Dunne et al. (2003). The XIS observation was centered at
the most intense part of the extended emission at (R.A.,
decl.) ∼ (18h20m50s, –16◦12′) in the equinox J2000.0,
while the ACIS observation was at the OB association
(Townsley et al. 2003). The XIS and ACIS images have a
similar size (∼18 and∼17 arc-minute square, respectively)
with a ∼70% overlapping area (figure 1b).
The astrometry of the XIS frame was registered us-
ing 1WGAJ1820.6–01615 found in both images. The
O8 star (Ogura & Ishida 1976; White et al. 1994)
is bright, isolated, and point-like in the ACIS image
(CXOUJ182035.87–161542.5; Broos et al. 2007), thus
serves as a good astrometric calibrator. We shifted the
XIS frame by ∼17′′ to the north so that the position
matches with that by the ACIS observation. The Chandra
frame is accurate to ∼0.′′5 in the astrometry2.
2 See http://cxc.harvard.edu/proposer/POG for details.
3.2. Spectral Analysis of Extended Emission
3.2.1. Entire Emission
We first examine the spectrum of the entire diffuse emis-
sion. We extracted the source spectrum from a rectangu-
lar region and the background spectrum from a region
devoid of intense diffuse emission (figure 1a). Because the
off-axis angles of the source and background regions are
different, we processed the raw spectra in the following
way before subtracting the background from the source:
(1) The non–X-ray-background (NXB) spectrum was sub-
tracted, which was constructed from night earth data at
the same extraction region. The NXB of XIS is a function
of the geomagnetic cut-off rigidity. We therefore compiled
night earth observations such that the cut-off rigidity dis-
tribution becomes the same with that of the M17 observa-
tion. (2) The vignetting was corrected by multiplying the
effective area ratios between the source and background
regions for each energy bin of the background spectrum.
This takes into account the accumulating contaminant on
the XIS optical blocking filter.
The merged FI and the BI spectra are shown in figure 2.
In the merged FI spectrum, we added the three FI spectra
to increase the photon statistics, because the redistribu-
tion matrix functions (RMFs) and the auxiliary response
functions (ARFs) are essentially the same for these chips.
On the other hand, we handled the BI spectrum separately
for its different response.
We resolved the emission lines clearly for the first time,
which include K shell lines of O, Ne, and Mg as well as
L shell lines of Fe. This indicates that the emission is of
a thermal origin. The OVIII line is much stronger than
the OVII line and the Ne IX line is so than the NeX line
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Fig. 2. Background-subtracted XIS spectra of the entire dif-
fuse emission (regions a+b+c in figure 1a). BI spectrum is
shown in red, while the merged FI spectrum is in black in
a linear scale. Conspicuous emission lines are labeled, which
are Kα lines except for the Fe L series lines.
if we taking the energy dependence of the efficiencies into
account. These line ratios alone infer that the plasma
temperature is in the range of 2.5–4 MK (Tucker & Gould
1966) even without spectral model fittings.
3.2.2. Spatially-Resolved Emission
In order to investigate the spatial difference of the
plasma properties, we divided the source region into three
sub-regions (a, b, and c in figure 1a) based on the morphol-
ogy of the diffuse emission. We constructed the spectra
from each region and subtracted the background in the
same manner for the entire emission. The merged FI and
the BI spectra in each sub-region are shown in figure 3.
We fitted the 0.4–1.8 keV spectra with a thin-thermal
plasma model at a collisional equilibrium (the APEC
model; Smith et al. 2001) convolved with the interstellar
absorption (Morrison & McCammon 1983). The abun-
dances of the noticeable elements (O, Ne, Mg, and Fe)
were free parameters. Those of the other elements were
fixed at 0.3 solar, which is canonically used in X-ray spec-
troscopy in star-forming regions (e.g., Getman et al. 2005).
We used the RMFs (version 2006-08-01) of the observa-
tion month and generated ARFs using a ray-tracing sim-
ulator (xissimarfgen version 2006-08-28; Ishisaki et al.
2007) assuming that the emission is uniform across a 15′
radius circle centered at the optical axis. In order to com-
pensate for the possible uncertainty in the energy gain
calibration, we introduced an additional fitting parameter
(offset). The resultant offset values were 1–4 eV, which
are within the current calibration limitation.
A single temperature model yielded acceptable fits for
all spectra. The best-fit hydrogen-equivalent column den-
sity (NH), plasma temperature (kBT ), metallicity (ZO,
ZNe, ZMg, and ZFe), the average surface brightness (SX),
and the luminosity (LX) in the 0.5–2.0 keV band are sum-
marized in table 1. The best-fit models are shown in fig-
ure 3. We attempted different plasma models with mul-
Fig. 3. Background-subtracted 0.4–1.8 keV band spectra of
the diffuse emission in the three regions (a), (b), and (c) in
figure 1 (a). The BI spectrum is shown in red, while the
merged FI spectrum is in black in a logarithmic scale. The
upper panels show the data in crosses and the best-fit models
in solid lines, while the lower panels show residuals to the fit.
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tiple temperatures or non-equilibrium ionization, but did
not obtain improved fits. We therefore consider that a
single temperature model at a collisional equilibrium is
adequate.
3.3. Spectral Analysis of Discrete Sources
We also constructed spectra of the three discrete sources
(1WGAJ1820.6–1615, M17 North, and the OB associa-
tion in figure 1b). The source signals were accumulated
from elliptical regions of 2.′0–3.′5 axis lengths, while the
background signals were from adjacent regions free of
sources. The spectra are shown in figure 4. All the spec-
tra are characterized by hard emission full of Kα emission
lines of highly ionized ions, which include MgXI, MgXII,
SiXIII, SiXIV, SXV, SXVI, ArXVII, ArXVIII, CaXIX, and
FeXXV.
We can have a crude estimate for spectral mod-
els from the intensity of these lines. The spectra of
1WGA J1820.6–1615 and the OB association show a
MgXI line stronger than MgXII as well as FeXXV and a
hard continuum up to ∼8 keV, requiring at least two ther-
mal components of different temperatures. M17 North
shows a MgXII line and no prominent MgXI line, thus a
single temperature model would be adequate.
We fitted these spectra using the attenuated thin-
thermal plasma model similarly for the diffuse emission.
The merged FI and the BI spectra were simultaneously fit-
ted for 1WGAJ1820.6–1615 and the OB association. Only
the merged FI spectrum was fitted for the M17 North be-
cause its BI spectrum is strongly contaminated by the
55Fe calibration source. We first fitted the spectra with
a one-temperature model. An additional component with
a different temperature was added if the fitting was re-
jected due to systematic residuals. As the crude estimate,
the spectra of 1WGAJ1820.6–1615 and the OB associa-
tion required a two-temperature model, while that of the
M17 North was fitted by a one-temperature model. The
best-fit models and parameters are shown in figure 4 and
table 2, respectively.
4. Discussion
4.1. Contamination to the Extended Emission
The spectra of the diffuse emission in figures 2 and 3 are
contaminated by other sources of emission. We evaluate
the levels of contamination by unresolved point sources,
the Galactic Ridge X-ray emission (GRXE), the cosmic X-
ray background (CXB), and the local hot bubble (LHB),
and argue that their contributions to the background-
subtracted spectra are negligible. About 70% of the XIS
field is covered in the Chandra observation (figure 1b),
which has a much better spatial resolution and sensitivity
for faint point sources (Townsley et al. 2003; Broos et al.
2007). Among the three sub-regions, the region (a) has
a complete coverage by Chandra. We therefore use this
sub-region as a representative to evaluation the levels of
various contaminations.
First, we examine the contribution of unresolved point
sources. We extracted 19 point sources from the ACIS
Fig. 4. Background-subtracted 0.8–10 keV band spectra of
the three discrete sources: (a) 1WGAJ1820.6–1615, (b) M17
North, and (c) the OB association. The symbols follow fig-
ure 3. The higher and lower temperature components of the
two temperature model are shown respectively with dashed
and dotted lines. For simplicity, only the merged FI spectra
and the best-fit models are shown.
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Table 1. Best-fit APEC parameters for the spatially-resolved diffuse spectra.
Pars. Units Sub-regions
(a) (b) (c)
NH
∗ (1021 cm−2) . . . . . . . . . . . . . . . . . . . 4.8 (4.4–5.2) 4.6 (4.4–5.2) 4.3 (3.7–4.6)
kBT
∗ (keV) . . . . . . . . . . . . . . . . . . . . . . . . . 0.25 (0.24–0.27) 0.24 (0.22–0.25) 0.27 (0.25–0.28)
ZO
∗ (solar) . . . . . . . . . . . . . . . . . . . . . . . . 0.10 (0.06–0.14) 0.15 (0.11–0.18) 0.13 (0.10–0.16)
ZNe
∗ (solar) . . . . . . . . . . . . . . . . . . . . . . . . 0.20 (0.17–0.24) 0.32 (0.25–0.39) 0.22 (0.19–0.26)
ZMg
∗ (solar) . . . . . . . . . . . . . . . . . . . . . . . . 0.10 (0.09–0.13) 0.12 (0.07–0.16) 0.12 (0.09–0.16)
ZFe
∗ (solar) . . . . . . . . . . . . . . . . . . . . . . . . 0.10 (0.08–0.13) 0.19 (0.14–0.20) 0.12 (0.11–0.14)
SX
∗† (10−14 erg s−1 cm−2 arcmin−2) 2.16 (2.12–2.21) 1.34 (1.31–1.38) 1.55 (1.52–1.58)
LX
‡ (1033 erg s−1) . . . . . . . . . . . . . . . . . 1.3 1.0 1.2
χ2/d.o.f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155.5/146 121.8/114 176.9/129
∗ The uncertainties in the parentheses are the 90% confidence range.
† The average X-ray surface brightness in the 0.5–2.0 keV band.
‡ The absorption-corrected X-ray luminosity in the 0.5–2.0 keV band. A distance of 1.6 kpc is assumed.
Table 2. Best-fit APEC parameters for the discrete spectra.
Pars. Units 1WGAJ1820.6–01615 M17 North OB association
NH
∗ (1022 cm−2) . . . . . . . . . 1.7 (1.4–2.0) 2.4 (2.1–2.7) 1.3 (1.2–1.4)
kBThigh
∗† (keV) . . . . . . . . . . . . . . . 3.8 (3.1–4.7) 2.7 (2.4–3.2) 4.0 (3.9–4.1)
kBTlow
∗† (keV) . . . . . . . . . . . . . . . 0.56 (0.47–0.65) ... 0.59 (0.56–0.62)
ZNe
∗ (solar) . . . . . . . . . . . . . . 0.3 0.3 0.51 (0.34–0.71)
ZMg
∗ (solar) . . . . . . . . . . . . . . 0.49 (0.24–0.87) 0.3 0.51 (0.38–0.65)
ZSi
∗ (solar) . . . . . . . . . . . . . . 0.30 (0.16–0.58) 0.3 0.53 (0.39–0.71)
ZS
∗ (solar) . . . . . . . . . . . . . . 1.07 (0.58–1.72) 0.3 1.17 (0.98–1.38)
ZAr
∗ (solar) . . . . . . . . . . . . . . 0.3 1.67 (0.72–3.00) 1.44 (1.00–1.90)
ZCa
∗ (solar) . . . . . . . . . . . . . . 0.3 0.3 0.46 (0.01–0.90)
ZFe
∗ (solar) . . . . . . . . . . . . . . 0.33 (0.19–0.48) 0.36 (0.22–0.50) 0.28 (0.25–0.31)
FX
∗‡ (10−13 erg s−1 cm−2) 3.9 (3.8–4.0) 7.4 (7.1–7.7) 58.3 (57.8–58.8)
LX
§ (1032 erg s−1) . . . . . . . 3.2 4.9 30.0
χ2/d.o.f. . . . . . . . . . . . . . . . . . . . . . 100.2/134 66.4/76 473.3/405
∗ The uncertainties in the parentheses are the 90% confidence range. Fixed values are shown without ranges.
† The plasma temperatures for the higher and lower temperature components. Only the higher temperature value
is given for M17 North, which is fitted by a single temperature model.
‡ The X-ray flux in the 1.0–8.0 keV band.
§ The absorption-corrected X-ray luminosity in the 1.0–8.0 keV band. A distance of 1.6 kpc is assumed.
data in the sub-region (a), constructed the composite
spectrum, and fitted it with a thermal plasma model.
The spectrum of each source is too poor to fit individu-
ally, so we assume that all sources have the same spectral
shape that best describes the composite spectrum. Using
their positions, flux, and the assumed spectral shape, we
generated their XIS events using a ray-tracing simulator
(xissim; Ishisaki et al. 2007). In figure 5, we compare
the integral of the simulated spectra of unresolved point
sources (PS1) to the observed diffuse spectrum (pluses).
In the displayed observed spectrum, we subtracted the
NXB spectrum but not the background spectrum in the
neighboring region. The point source contribution ac-
counts for ∼8% of the emission in the 0.4–1.8 keV band.
To have an estimate of the maximum contamination
to the lines, we repeated the same procedure using the
model with the maximum allowable abundance values in
the best-fit model for simulating unresolved point source
events. The resultant integrated spectrum (PS2) is also
shown in figure 5. At the Ne IX line at 0.92 keV, the
contribution by the point sources accounts only for <10%
of the observed emission.
Second, we derive the GRXE contribution, which is
ubiquitous along the Galactic Plane at Galactic longitudes
(l) of |l|<∼ 45
◦ (Kaneda et al. 1997; Sugizaki et al. 2001).
We refer to a Chandra result (Ebisawa et al. 2005) for
the spectral shape in the soft band and to a Rossi X-ray
Timing Explorer result (Revnivtsev et al. 2006) for the
surface brightness at the position of M17 (l ∼ 15◦). The
GRXE contribution to the observed emission is estimated
to be ∼3% and is shown in figure 5.
Third, for the CXB contribution, we consulted the
Suzaku XIS observation of the North Ecliptic Pole
(Fujimoto et al. 2007) both for the spectral shape and
the surface brightness. The CXB was observed and fitted
by a power-law model. We convolved the model with the
XIS responses and found that the contribution is ∼2%.
Finally, we constrain the contribution by the LHB
emission. We estimate its surface brightness to be
∼4×104 counts s−1 arcmin−2 in the PSPC R1 and
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Fig. 5. Comparison of the observed diffuse spectrum to the
simulated spectra of contaminating sources. The NXB signal
is subtracted from the observed spectrum. PS1 and PS2 are
for the contribution of unresolved point sources with different
spectral models, GRXE for the Galactic Ridge X-ray emis-
sion, CXB for the cosmic X-ray background, and LHB for the
local hot bubble. None of them play a significant contribu-
tion. Moreover, most of them are removed by subtracting a
background spectrum from the neighboring region.
R2 bands (Snowden et al. 1998). We assume that
the spectrum is a thin-thermal plasma (the Raymond-
Smith model; Raymond & Smith 1977) with a temper-
ature of 0.1 keV. With the derived emission measure of
∼2.8×10−3 cm−6 pc, the LHB contributes ∼2% of the
observed emission.
None of the above components play a significant role
in the observed diffuse spectrum. Moreover, we removed
most of them by subtracting a background spectrum
from a neighboring region. The background events show
no indication of time variability caused by solar flares
(Fujimoto et al. 2007). We conclude that the background-
subtracted XIS spectrum represents the spectrum of the
uncontaminated diffuse emission quite well.
The background spectrum accounts for ∼35% of the
source spectrum of the sub-region (a). Besides the NXB
contributing∼7% of the source flux, the sum of unresolved
point sources, GRXE, CXB, and LHB contributes ∼15%.
Therefore, emission with a flux of ∼13% of the source
flux is additionally included in the background spectrum.
The contribution from the bright sources outside of the
extraction region is negligible. We attribute the remaining
emission to the diffuse emission in the background region
(figure 1a). If this is the case, the flux estimate of the
diffuse emission (table 1) is underestimated by ∼13%.
4.2. Comparison with Previous Studies
We compare our results with the previous works using
ROSAT (Dunne et al. 2003) and Chandra (Townsley et
al. 2003; Broos et al. 2007). We derived that the dif-
fuse spectrum is explained by an absorbed single temper-
ature thin-thermal plasma model of kBT ∼ 0.25 keV and
NH∼ 4.5×10
21 cm−2. The total luminosity (0.5–2.0 keV)
in the combined (a)+(b)+(c) region is ∼3.5×1033 erg s−1
(table 1).
The ROSAT study (Dunne et al. 2003) shows
that the total luminosity of the diffuse emission is
∼2.5×1033 erg s−1. The smaller estimate than our result
is more noticeable if we consider that the ROSAT value
was derived from a larger area and in a wider energy range
(0.1–2.4 keV). This stems from an underestimate of the
extinction. Without a sufficient spectral resolution to
resolve lines, two different models were not disentangled
in the ROSAT PSPC spectra; one is a low plasma temper-
ature with a large extinction (∼ 0.2 keV and ∼ 1022 cm−2)
and the other is a high plasma temperature with a small
extinction (∼0.7 keV and ∼ 1020− 1021 cm−2). Dunne et
al. (2003) derived the luminosity based on the latter, but
our spectroscopy shows that the former should be in the
case.
The best-fit XIS values of LX and NH are consistent
with those presented in the Chandra study (Townsley et
al. 2003), in which LX = 3.4×10
33 erg s−1 (0.5–2.0 keV),
and NH = (4 ± 1)×10
21 cm−2. However, the plasma
temperatures are different between the two studies. In
Chandra, the primary component of kBT = 0.6 ± 0.1 keV
and the secondary component of ∼0.13 keV were claimed.
In Suzaku, however, we confirmed that a single tempera-
ture component of ∼0.25 keV is adequate from the diag-
nosis of resolved oxygen and neon lines.
From the discrete sources, we detected Kα emission
lines from highly ionized ions (figure 4). The spectrum
of the OB association is comprised of hundreds of point
sources, but the emission from an O4–O5 binary dom-
inates the spectrum. Broos et al. (2007) claimed that
both components of the binary (sources 543 and 536)
have plasma temperatures exceeding 10 keV. However, the
strong FeXXV Kα line at 6.7 keV and the weak FeXXVI
Kα line at 7.0 keV in the XIS spectrum (figure 4c) do not
support such high temperatures.
4.3. Spatial Difference of the Plasma Properties
A high signal-to-noise ratio spectrum by XIS enabled
us to conduct spatially-resolved spectroscopy of the diffuse
emission. The plasma temperature and the chemical com-
position are uniform, except possibly for a larger metallic-
ity in the sub-region (b). The Chandra study (Townsley
et al. 2003) also show no evidence for spatial variation of
plasma temperature.
The observed uniformity indicates that the entire
plasma is at a thermal equilibrium in the observed spatial
scale of ∼5 pc, unless the plasma is patchy at equilibria
locally by magnetic confinement. The global equilibrium
is reasonable considering the fact that the plasma sound
crossing time (∼2×104 yr) is much smaller than the time
scale of the system (∼106 yr), thus the constant pressure
is achieved (Weaver et al. 1977). Here, we used the plasma
volume and the electron density as ∼30 pc3 and ∼1 cm−3,
respectively, by assuming that the plasma distribution has
a conical shape with its apex at the OB association and
with a filling factor of 1. Given the uniformity of the
plasma temperature and pressure, we speculate that the
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density is also spatially uniform.
The observed surface brightness, however, is different
among the three sub-regions (figure 1a, table 1). It is ∼1.6
times more intense in the sub-region (a) than (b). This
is not attributable entirely to the different extinction, as
NH is larger in the sub-region (a) than in (b). Because
the plasma has a uniform temperature and density, we
speculate that the difference of the surface brightness is
likely due to the different line-of-sight depths or different
filling factors.
With the derived plasma volume and the density, the
total mass of the plasma is ∼1M⊙. This is comparable to
the integrated ejecta mass by stellar winds at a mass loss
rate of ∼10−6 M⊙ for ∼10
6 yr and agrees with the esti-
mates by the previous works (Dunne et al. 2003; Townsley
et al. 2003). We also speculate that the swept-up and
evaporated ISM does not make a significant contribution
to the plasma mass.
4.4. Chemical Composition
The chemical composition of the diffuse emission is re-
vealed for the first time in this study. The metallicity
of the diffuse emission is 0.1–0.3 solar (table 1), which
is significantly lower than those derived for the discrete
sources (0.3–1.5 solar). The metal abundances relative to
each other in the diffuse emission are consistent with solar
among O, Mg, and Fe (Anders, Grevesse 1989), but Ne is
enhanced in all three sub-regions by a factor of ∼2 (ta-
ble 1). This is also evident in the simultaneous spectral
fits of the three sub-regions, in which we tied the abun-
dance values of these elements. The resultant values are
ZO= 0.12 (0.11–0.13), ZNe= 0.22 (0.21–0.25), ZMg= 0.10
(0.08–0.12), and ZFe = 0.12 (0.11–0.13) solar.
Such Ne enhancement from other metals is widely seen
in coronally active stars (Brinkman et al. 2001; Kastner et
al. 2002; Audard et al. 2003; Imanishi et al. 2003; Stelzer
& Schmitt 2004; Maggio et al. 2007) for unknown rea-
sons. We consider that the Ne enhancement is an intrin-
sic feature of the diffuse plasma, and is not influenced
by the contamination of Ne-enhanced point sources spec-
tra (§ 4.1). One explanation for the anomaly is that the
poorly-constrained solar Ne abundance is underestimated
by a factor of a few (Drake & Testa 2005; Liefke & Schmitt
2006). This would account for the observed Ne enhance-
ment in the M17 diffuse plasma as well.
The lack of a clear spatial variation of the chemical com-
position comprises a sharp contrast to the diffuse emission
in the Carina Nebula (Hamaguchi et al. 2007), where the
different abundance patterns across a similar spatial scale
suggest the supernova origin for the emission. In the dif-
fuse emission in M17, the O and Fe ratio is consistent with
the solar abundance, which is another line of evidence
against the supernova interpretation. If a supernova has
occurred in M17, it should have been caused by a star
earlier than the earliest (O4–O5) star in the OB associ-
ation. Such a massive source causes a core-collapse–type
supernova. It would have yielded a measurably larger ra-
tio of O against Fe than the solar value by a factor of a
few (Tsujimoto et al. 1995; Nomoto et al. 1997).
5. Summary
We conducted a spectroscopic study of the soft diffuse
X-ray emission in M17 using the XIS onboard Suzaku.
High signal-to-noise ratio spectra of the diffuse emission
were obtained in a spatially-resolvedmanner. Half a dozen
of emission lines were resolved clearly for the first time,
which include Kα lines from highly ionized O, Ne, and Mg
and L lines from Fe. These lines are clear evidence for the
thermal origin of the diffuse emission.
Based on the Chandra data of an overlapping field and
on the previous works in the literature, we confirmed that
the background-subtracted diffuse spectrum by XIS is
barely contaminated by unresolved point sources, GRXE,
CXB, and LHB emission.
We showed that the diffuse spectra are ex-
plained by a single temperature plasma model of
kBT ∼ 0.25 keV, LX ∼ 3.5×10
33 erg s−1 (0.5–2.0 keV),
and NH ∼4.5×10
21 cm−2. The temperature and the
chemical composition of the diffuse plasma is spatially
uniform, indicating that the plasma is at a thermal equi-
librium. The apparent difference in the surface brightness
is probably due to the difference in the line-of-sight depth
or in the filling factors, and not in the plasma density.
The abundance is obtained individually for the detected
elements, which are consistent with 0.1–0.3 solar values.
The enhancement of Ne against other metals by a factor of
∼2 is seen in the diffuse plasma, which may be explained
by a upward revision of the solar Ne abundance.
The lack of spatial variations in the chemical compo-
sition comprises a sharp contrast to the diffuse emission
in the Carina Nebula, where different abundance patterns
across a similar spatial scale suggest the supernova origin
for the emission. Together with the O to Fe ratio consis-
tent with the solar value, this gives evidence against the
interpretation that a supernova is the cause of the diffuse
emission observed in M17.
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